(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2000049374 A 

(43) Date of publication of application: 18.02.00 



(51) Int. CI 



H01L 33/00 



-(21 /-Application number:— 10212381 
(22) Date of filing: 28.07.98 



(71) -Applicant: 

(72) Inventor: 



SUMITOMO ELECTRIC IND LTD 

MOTOKI KENSAKU 
MATSUBARA HIDEKI 



(54) WHITE LED 
(57) Abstract: 

PROBLEM TO BE SOLVED: To effectively use a GaN 
substrate itself as a fluorescence emitting body 
without excessively requiring different phosphors by 
a method, wherein blue and bluegreen light from a 
light emitting structure and yellow and orange light 
from the center of fluorescence of the GaN substrate 
are composed so as to obtain white light 

•SOLUTION: A GaN substrate 16 which becomes the 
light emitting center of fluorescence and which 
comprises impurities and a crystal defect and a 
light emitting structure 17, which is epitaxially 
grown on it is be composed of an LED 15. The light 
emitting structure 17 is a GalnN thin film and 
contains a p-n junction. When a current is made to 
flow to the p-n junction, a band gap is shifted, and 
light E at 400 to 500 nm is emitted. A part of the 
light advances to the lower side to enter the 
substrate 16. An oxygen, carbon or nitrogen voids to 
the like exixts in the GaN substrate 16, and blue 
color is absorbed with fluorescence at 520 to 650 

^nm^being^emitted. "Fluorescence^emission-F in^the 
substrate 16 is reflected by the bottom face, or it 



goes over the thin film 17 directly so as to go over 
to the outside. Light in which the LED light E is 
mixed with the fluorescence emission F goes to the 
outside, and the this is seen as white light (W=E+F). 
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1 

JiajR^TLS'&trnlBXttpffiGaN^ISffiSei:. G 
a NUM8JIS«©±fc p n«£*$t»J: 5 l:itff*-> 
■V^f£fiK«fcoTf9:ttSn£:Ga I nN^WI 
ft^«0#6#»fiO«3t«liSi. GaNSSoM 
K&ttfc n ttffiXtt p «S t . JSft#|ji©±JI tRttfc 

G a N3£«. 3aWtt»*Bt»/^y^r-S?t«fc 10 

G a- i NaS«0*3fc4»&*J*B'b'ClHlXtt«fi*»3t*~ 
tt, «3tt«liS*»60»e#*fii:GaN»«ft)tt^C>*» 

*«sj:5i:i/fcit*»tt'r«aftLED. 

[»**2] ftytmmifi. Ga, . , In, N**tf 

4 5 0 nm~5 1 0 nm©$gBtC&D. iOGaNltt 
*»&®a:J6*3tOja[*3^5 2 0 nm~6 5 0 nmT&4 

nt*«fl»fr*»*3fiifc:Ba*oafiLED. 20 

[W*JS3] GaNSg©JIM, 5 0wm~2mm 
t *»«fr*«l*3S 2 CEiftoefiLED. 
3 IC|2«CD e fiLED. 

[«*JS5] X»««3&«lH«fc:ia»*'&trX7 i A*J* 30 
orsou-Ktfe^T, 5 s - a t K*f #1 ic a& 

05fi3t«ifi*"b'D®*«X5 i AOia«fcH*snT, 

-»*E»UGaN36«K:JB»-r*«t'5K:UfcCi:*« 
tt i "f 4 M$IS 3 fC|B«© & ft L E D . 
lBt#fl!6] GaN»«K:|HiaB!5«*T>Tia«©JisfcG 
a,., I_n, NJ&fett&tfJBftSil. *Jt«ifi*«G a 

©aeLED. 

[»*B7] fgft«igflJ©1HStt. M£©£ffl«©8 
0%~10 0%O@tStIL. GaNSSiffliI 

[0 0 0 1] 
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T4, jSlOAyf?^ h»4fifi3t*««ton*. *5£W 

**»#eftLEDtun. 

[0 0 0 2] 

[«*Ott«l- JWty-f*-K (LED) J4*fi.-4t 

$fiC9XMKft%y-f *-F (LED) tLT« 
tCd (*>?7) etiCDfeCD^HICTfJBK^nT^S. 
AlGaAs^. G a A s P^C<i:$rS!7t®<t Lfc^feL 

TV>*. GaPS*3tJBfr*»-Hlife©LED ! bK 
jgBK^S*tTV>4; ffifE-Ditttt. S -1-e*«Stt" 
»fr*t>©*«**. W • #St4G a I nNSrfg'ltSt'?" 
5LED^. ©fe • 3tfe«A 1 Ga I nP^Jti 

4. :©5^GaP, S i CtlW»i»IO*»#T» 

[0 0 0 3] ^n5LEDtt^fn^3tiWOM> 

T&4., i£fi©LED»:if4^fflLEDfc<!:iRlIl©,ffij& 
U*»b*ftLED«»tTtt^TO>tjHlC«t>T 

ttftfcjfcfcfc^. WWk:*e3t*tt5 t®m*frfr*:<D 

[0 0 0 4] £3lxTfc£T©fiS*trfi6©3fcSa«& 

[0005] TN&toh3fr>£&! ^ja@8&^iffim-e*4 

4ZtS^afe3^^^LTWih4 ■ t if 

±f 4 ^. 
[0 0 0 6] 

fi, *6©L ED £{£xtfafeL ED £f££>;i 

£5. Ga I nN£ffl^fcWfeLED i fertr!K£*l-5J;'5 
t£ft0=l!!C&©LEDl4-?-4oT^4. L^L30fe© 
%^:^<&ffl-&^-&-5©Tt4SuX Mc&oTL£5. 
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£.itnX.13i\>*. 3J16©P^T©A'7>X£SSfiT-5i&g 
t>^F*JT?»*. £©<£5tCtt&:©LED£M^:bi*T 

[0 0 0 7] it77-ft^SStlGa I nN^ffittl 
itSLED&Ga I nNSLEDttlMICGaN 
3fiLEDiI5. GaInN«OLEDt-YAG*f3t 

~Jl?li*^*^ili~*y^o--^X'aT9r-p-4~5-7%-l-"9- 

[0 0 0 8] dCD^ttGa I nNSr^ttBfr-SGa 
NSLED?'v7°*SfiOf)t5t5YAG®MH« 
ai&A»;fc**iS£LTi**. Hl'fciti*H6-r. 8fflt© 

Sit-;!/ k i o><t>\z. as i u - f 2 . as 2 U — H 3 j&* 

BJtSftTV**'. MSI U-H2ttJ:gP*trS!fr*:^T*5 
•9S*4*^fiK$n%. k^4(CGa I nNffittJSSrfc 
^GaN«LEDf77'5#@tStl^ L E D 5 3rT 
o # 0 O <fc 5 SdSlfi© Y A G ajttflc 6 4 
«$ntV^. GaNf LED©±ffil:(J77- 

[0 0 0 9] a#Of83tt3lH t ^»S3t* ; ?tt*«tta6«* 

5> "7-f ■f ttt» o-^OiBSSt U - h* 1 * 
Tgftf. L^LGaN^fflffiLEDtt^y^tSi 
©±i;:GaN^ GaI nNl$«IT5, f77-ft 

/— F) £M^Tf£-5. £*>£'7-fi'W:2#>:& 
-5. 77-K*^*V- H(C«8S*i5!E-rtGaNmLE 

Dtfwesarr. *eo-aja-f-<o**YAG«3t#* 



[0 0 11] 12 2 tC. Gal nN/YAGfg^lif^©^ 
ft*^? h;H£;ST. $t»tt$tfi. JKttttttttft (ffit 
g^D) T&£<, 4 6 0 nm©$£t^fcf— :J7#*G a I n N 
?SL EDc^TtfCt^fcCDT-^^o 5 5 0 nm&fcO©*! 
j£^im*YAGSf:3fc#K«fc*ittfte"C**. ^Bg«e*^r 

[0 0 12] b*LGa I nN/YAGJ83C»f CHV» 
<0*>©«^C*«»*. GaInNlLEDtlif<Si 
©4&KT»SYAG«3tefl:£jfc#fc&SI£-r*. Ztlifi 
10 SSl©Kj6T*a. ig0Jft©li<AYAGibt#£^-;/7 P 
©±lc3tfc-f#> £> L E D#> 6. ©t£©^< ^©iR$ 

— cn(cce^n^>fi , eG a n^l EDtzi+tciiv-fflmi c • 

ttT-ab^o tu5A«G alnN/YAGteJffg^O. 5 
Cd. MttT*MW3. 5SMMEL*fcV». Wflgtf«8 
%5(D(iYAGtjtM^$MT5*eT^5. 

20 »«. mmt^izTtfz, cnjj«S2©ijaT*4. as 

[0 0 13] 

tfGaNMiGa I nNSCtfiMlf i^fi^ 

to-a-fc«tto«¥ft«ifi©efiLED*aHiEr*. 

WW5niGaNSfi©±l:pSGa I nNli 
^rfigS^-ar-S <t 4 0 0 nm~5 0 0 nmTDtt^ffi 
LEDCfi:^ *^BJti^©Pit^P5^(c?iJfflLTae 
30 ©LED£ftW&. GaNaSKtcntltt^SE^-r* 
Ga I nN^LED51^tfcet©fcOTiJ6T 
m7t#:«^5T. GaNSS« 
Gal nNliGaNO±l:xtf^ + ->t^ 

**Wfi»*^-f*— h*T<fc£t>©£4>L© 
I^CioiaeL EDtC I, £:*>©-?&£. GalnN 



S^fc-B-T 6 & £ tB U T U -5 ©T & -5 . 
[0 0 10] LED©^7t««f©>'N*>h'ra®^(C e tl) 40 

a«SCOaje»3tTttLEDO3tJ;.0 
X^.;i/^-^®Vi^UJs. I3&SJt*TLEDSl 
tft, LEDOHW03tt-tn«tt)*^jftft©»5t*<tH 

sj^fc&s. YAG»3t#ttTK«teo3ie*ta-r*» 

tf&tE-rZ>frZ>Z\<D£?t£mT!>*ZimiZf3;2>. 50 



[0 0 14] *fflTfcH6©*&V»GaN»«tttt#«s« 

gSKMJKK&S^g 37^X+-S, yj yy7> 
}£&<t:7W£*.&^. tnrHE*ttGa I nNLEDIW 
7 7 -f "^StR \Z MtfL 3 tlfc G a N b ^ ^ t 

i;i^TGaNlS^8!Tf5<k5i:&oTffc, £ 
n««*«wsirffiicufc. itttjAfi&a. Gass^tcG 

aN*»36»bBE*tJtt*#WTG a-GaNO««tb 
GaNffl^lSlSSStSMT^S. /M!©iSffi* 
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[0 0 15] MMSffili. (Ill) GaAsSSB 
±{ch*-v b#©ft^tt«tt©ft£»rr&vx^£f8: 

yrmzftK). ^(^©itciSifiTxtf^v-wWi 
*0<fiEg$i*-, GaAsli^iSlTGaNC^S 
3MSii»££fe&*>©T-;g>&. ^£9j$ffit©J&*&£& 

■pthvpe (/\7-f fe, moc (mm 

&mmt®)%.mi$.&m) mocvd (tMicv io 

Dj4) HVPE*7 hW-JH©Jp 

MGaC 1 ^01Si<T7> : E:^7tS*StG 
aN££-j£-f •&„ MOClt TMGfti'ODtl^S^. 
H 2 +HC 1 h<5*-)]smtPT°Kfo2l£G a 

C 1 ££-J&U ^tltJ^^TNH, SrSJ&S-frTG 
aNm. MOC VDU3- ^h*^^"— )Ufclfc&\Zl3 
UT. TMGfe^tl^I^Hj JCioT^L,, 7> 
^Ttl^StGaN^S. uneOGaNSSC 
Mig*fe«^tlStt*m^A©5feaT*-5#^¥l 0- 20 
1 7 1 2 7 ±m<DG aN*1K£$i 

^T*€r&.£5tC&o;fc©telIgSifi©C,hT&£,, 
BJtt^©J:?&G a NS&£ffi5gJii»!ft<!: LTfifiL E D 

[0 0 16] GaNStSS-^ffi^Sffi^U^^ffifCfc 

>h) ^K-^bfeo, igs^ss mm&n) &m\? 

0nmi0MI«DMST5t. 5 2 0 nm~6 5 30 
0 nm©/£V>$&H©1i:7t£-?g£-f 5. d©^"* 1 ^©;! 

K-/i>h mm. mm) ©««. h*-tr>^». 

#-5. &yttim&fr*>ftlZ (5 2 0 nm~6 5 0 nm) 
l£<Mn)5^untGa I nNLEDCte^M 

>c w^to^.' '^ssT«f nl^j^-r icM " 

A-S>„ ae7t=Ga I nNCDWfe+GaNO^TtiV^ 
J;-5lC-^03t^e»efe^-&fi£$n.5 < , . 40 
[0 0 17] -3%. K>*%.W(Dm=?-\t.--D<D%!>ftfrz>t£ 

(1) Gal nNSLED-A->raSil:i5*M 
7t(400~500nm) 

(2) GaNlI-tfi^e®S3t 5 2 0~ 
6 5 0 nm) 

*ifa^-&fc-&fe ! b©T'*-S)„ GaNiSttnlT'fepI 
fCp n Xtf^^->^J^fi)i^7tfi?jfii: 

mmmytrnztez. 50 
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[0018] z\omT(Dmntz!m. j ?:v>%-®.-£\z&z>„ 
&&^ftmT\t%&m&u/oibft<Dmm<D±.\zMi8.-r 

myt<Dm?tmiiLTV5mzmm?Zo 

CSfeLEDIt Ga I n Nit &L E D IC&I^TG a N 

mmz^ftrnft^-bz^vtbttm. 1 ®) ( h-a> h 

[0 0 19] [3fe<i:^oTt>#l>!r©t>©7$*&3,, ^fi^- 

fiiCfK. GaNiWJ?^iGa I nNLEDOffi 
fiWW.ZnTffi'PL&ftmft<DM&l)m-?T<Z>. Ga 
NSTOV^Ga I nNLEDOt^Iib, ®7tf£ 
ft#if<&3 0 GaN«tR©/P^^^t$1±-5^i:{Ccfc 

««JP<£.{Ccfc 0 L ED#* £©#&%# K*tL3l7tf£7t© 

S*f{ca«ff*-<£r2mm^±{C-r^>i:. LED© 

if fc>^iW*tt5 0/im~2m 

[0 0 2 0] 5feMi©J:^{ch*-/l>ha^. ^Rg 
^gSrlig UTSft?£ft©+'i>&ft£^X.£ £ t^Tf* 

[0 0 2 1] ^fBJ^MfiEBlCO^T«^<0^©jlJ? 

m*$>%o m&&Ttzmm*:±iz?z>£<B?&otm%i 
©LEDtisiuieB (ies:) t>Bi^T*^>. Ktttzmm 

*T\z&WLtt±.\z-?Z>miL (xhf-y-'f h*y^» ©be® 

fc^Tab-s. 3ifzn&fcVrf<?\-mzntiittnz><n&ffi 

""[002' 2 ] "iTED^iim^'xE^^^l'iMErw 
fommmiz*:n?timMBf$.-rz> (n^s«©»-a-«s 

HS£n®$. Xfcf^ + ->^;HBiIi-p«® ; p^S«©i§ 
^«affip«S. Xfcf^v^JM&HCnfl^) . X^A 

\zw.ottii-z>m<Dmm\t. is^i^iSTJboifca 

[0 0 2 3] XtfU-f K^^>T-H^-r^>«^. ^©.fc 

5ts.mmfr2>z\t-t>m3i uv>. xtf^+->r^fi9©« 
*ic^^^<A^<-rs^s^s-S). xtr^=^i>^jnaii 

©«S«^<^y^B. *v»ttf»7 , 4iSO8 0XK±« 
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y-y-^XO. 25mmX0. 2 SmmCDfyyftt,, B 
MJfcTM OXHTtti. ±0aSKttl6XKTt 

[0 0 2 4] naGaNSS^ffiottH Xtf+h-f K 

nl!GaNttfi«8ifc:b-^"rv^ 
6U>ytt©*^ttT»^T*)J:K EOAiCSa 10 
«»£fc*?£L^ffiig£:&.5<DT»<5. ±B©GaN*K 
»*r #'iBIIT»*7£».- Y A GI*#i"0 t>*aw*»«K' 

7t^J;0 1 5X«1*V>. SBJffi, fcSS^© 
T. ^IfflGa I nN/GaNLED«^5fEC»JfC*^ 
-SGa I nN/YAGJ:0fcBffSoafiLEDi:6 
-5. ££:G a Ng«©J¥*£^t£l£SiEttTfBi|U;:, 

[0 0 2 5] £fc!Btt#£flfe&&!&S#tft:lr>. ffi#££ 20 
XSJCfcoT. *W«efiLED*#«-r-6:ii:*«T* 

[0 0 2 6] 

[»«©**©»»] (i) ie3£©g a nssl e d 

S3 t*5gWfC^*^afiL ED©$tig©— ^J^r^T. 
03 (a) teiSiEBff®^ (b) ti^:^:tf©®TBI3£ 
m-To mm^-JV h* 1 1 ©rtSUc. IJ-H12. 1 3 k. 30 
LEDf-^l 5«J«a&iiSnTV»*. ^©ckS&fitit 
«^5l5«>LEDtC-&t>-B-Tfe^„ 389!^-* Ftt«*>5fe 

i&LEDo^^y-ytw. *>'5 3A,:kJiS'te^'r ^ 

-h'H!MlCJ:^Tlffl:i«T§5. rSU-Kl 2 

®14 <D±.\Z. Gal nN LED] 5 tfJEiL H^$tl_ 
*. £©L EDI 5 «5k^3t*^<hli*5F«ifiW (B£ ~ 
m. MM) . «gA^« (£5St£?L) £W-r*>GaNS1£ 
1 6 &*0±lcx£jr*S'Wl'jftJ^fc%3felMfi (» 40 
18) 1 7J:Dfr«. 
[0 0 2 7] Ztytffim 1 7 ttG a I n NOWffltT* 0 p 
nft^Sr^tt. Xtr^^-> + J|/553t«jfil 7ttGaN^ 
±#tt5»IOiI*T'*0p n "3 JMgBtCtt 

U >^$.-5^«/h®W©p^*t*^<, 3t£#jtf&t,> 

tf„ U — F 1 2a<#V— FK1, 'J — Hi 3^7/- FtC 

pn^-&fCffiSi!S:SSrc:ttC«toTA>H^A'^ 50 
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T'jI^^^O 4 0 0 nm~5 0 0 nm©}tE SrtHT. 
-gBteT<l'JIXiI^»«tCA-5. ' CX'G a NlfilcBt 

2 0-6 5 0 nm©^7t*^-r^. *«fT©»3tt*3t' 
FTWSHKKMblictAteiSSHCiWl 7 saATnfflC 

uiTfT<. LEDTtEt, &ytytF<Dm&i>itytim& 

(CtBTff^^n^efe^WiC^^. (W=E + F) „ C 

n«'j-H®i 4 tests 1 6^#>h*-r«.iESr^iaT'a& 

D7t E tWT 5 0 % 3f 0 flbfcSBttfltp < 

[ 0 0 2 8] ( 2 ) #J37.©G a NSfil'E D '"" 
B4K*38fll:*>))>s«4oefiL E D©$jg©-0ij£ 
*-T. 0 4 (a) ttttttffSBL H4 (b) ' ttf-yftSit 

ommm&TnT. mm^-jv f 2/1 ©ftSBtc. u-F2 

2, 2 3tLED?7^2 5^i*2 : $nT^5. 
<k3&»Bteft*©LED(;:£frirr&&. r^'J-h* 
2 2 ©3IS&2 4 fctta*#«fcH. ¥ffifflT«.-5o 'J — F 
]HgB2 4©±tCGa I nNLED2 5/0*@5£$*l3. L 
ED2 5ttgft«3fc«f«fr£fc**W«K *HB£*T.SG 
aNSS2 6 i:^©±tCXtf^^->^;P^bfc^7t« 
iS (Ga I nNSSI) 2 7<k9&-5„ Xtr^v-WP 
^7t«|jfi mm) 2 7ttGaInNfflSIW0pn« 
tt. £ © L E D tt£*fft \Z LT U - F m 214 tC 
HST-5o nlGaNSfi^^i^. SMftBCtf-ptt 
«#*D, Ctl^ittt(CU-h*®2 4 

10 0%TJ-3llK GaNS«fl(fCttU>^abS 
t»tt/hffi«©n««*t*5. Cintt^-y7 p ®«©4 0 % 
KT©I«fr§. n«@^ I 7-rir2 8CioT'J-K 
2 3i:gl$ti5. ^tto^-mi^-e&tr. c©t§ 
£U-F2 3tf**V— F. U-F2 2j8«7/— Kfctt 

Fa*2*t;:&*. 

[0 0 2 9] U-H2 2*>S2 3fc«»E£8KTCl£K:J: 

oTA>Mt^ ^s»^* n o x tf ^ + -> v ;n»it 2 

7*^4^0 0 nm~5 0 0 nm©7tE^tB-T. ^SB^J:^ 

t a sTaa* Effe 5* t ixajt 

fT<. -S6©^tt®JR^nTGaN»tgif ©m^t'f'C.Wc 
^5. LED5£7tEfc^^Ffe^{-Ji^[6l^o. 

— t?©aa©^jB^uTeeca:*. ^©«53fiT*s 

[0 0 3 0] (3) PJSliS^©G aNSfeL ED 
0 4 (D*><V\Z®m 2 lip &»«S»CB«¥ff JCfflfcWfe 
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BU>*. m 5 \Z*ftW\Zfrfr2>®±Lm&M&&L ED©i 
iS©-#J£*-r. 0 5 (a) teMWiffim. MS (b) tt 
^■y^WOWrBHSS-r. SH!^— ;H* 3 1 <75f^gp 
IC, 3 3 tLEDf7y3 5 

TUS. *©«fc3fc«ittt«£#©LEDfc£fr-frT* 

rSiJ-K3 2<0M«B3 4fcttfll^tt*3 9*t^fig 
Snris*. 'J — HMSB3 4©SSV>S*3 9©Jg{CGa 
I nNLED3 5*^^jiS:TfCUTffiIfi@j£$n 

LED3 5*»6*&±;frHO«©a«tt«<3te#<ffl 10 

[ 0 0 3 1] TE D 3 5 «S^^'^<fc^-5 h'-/1> 

Sbfc^7t«jg (GalnNSII) 3 7J;9££&. X 
fcr**S/*JMSBfc*ifi mm) 3 7ttGa I nN©»« 
T&D p njg-&£^t?,> ^©L E D teKtiftmz LTS 
*3 9©J63 4fcHjrr*. il3 7 0±ffii:(t ±m 

co 8 o%~i 0 o%<Dffim<Dmffi&$>K>. z\ntmmz 

'J-H3 20fll*JSiiifcS5-&*n*. n£JS1££«l3« 
-&5S)K«ffi«P*ffiT^-5„ GaNSSIBl:H'J>^ 20 
&3V^4/jN®«©tt<S#sa&£. :£®**©4 0 %RTtt 
nS»K©«-&£nttn««T?**. n«S**»7-f 
■V3 8{C±-3TU-K3 3CSSttSn*. ^ZQV^^ 
ttl*"C»tr. £©»£-t>y-h*3 3j&»*V— F. U- 
F3 2#7/-Kl::ft<5,, g^-3 9©_h®t;:l4'J 
©R««4 0*«»^Sn5. pSIISCi^. mm.m<D 
«ffit4p«ffi, 583t««S (»J8) <M©«ffit4n 

[0 0 3 2] ««SaE-r^<i:lCJ;r3Txe^**>r;H» 
l3 7ii4 0 0nm~5 0 0nmO^EStUt. 30 

(UTfT<<, — «OJt«»iRSnTGaN*«oa:3t«f«C? 
(5 2 0 nm~6 5 0 nm) fc±^«C[pl75^-5. LED58 

E(cjse,ns. m\zmm.\zmit.yt<Dfrtfl±3s\zfat>^m 



2000-49374 



10 



LEDC/iS. 

[0 0 3 3] (4) «3iS«jgK^©GaNafeLED 40 
0 5 ©fc©te#]#^ffil^£n5ft;W.tU©T. ifr-f^fi 

^■5*j&a<*a. itiRitto^&nLED3&«B**nac: 
it>*5 5. ^ruzwsohowj — WMVtAmm-v 
LED?y-7\znmm^t^om&'bhz>o rafttt 

[0 0 3 4] 06 (a) tti^WfSia- H6 (b) tt^y 

^ftowiSHssr. bw-m«4 innmz. u 50 



-H42, 4 3tLED? 1 y7'4 5!4«Ift2 : jnT^ 
-5. r^'J-K4 2©]Mg|5 4 4lC«#S?i^cDLED 
^7^4 5jWR**6J*IC»3JI3*1*. LED45©^ 
\tm*m?>-4 9 {£&-?T*>9. dilfCGa I nNJ^Xtf 

^v-whs? 1 ^^ 7«sns. ^SDXfcf^* 

->^;H$S3l4 7*tGaNSfi4 6 tCcfcoTffl^n^ffim 
T*1£4 6 

[0 0 3 5] a«©^iagBtC«*6i^« 50tGaNI5 
ltf&>2>. GaNl5 llC«koTL.ED4 5 )5* U — K® 
44tC«»^tl-5„ VftVm&®5 0<DittbiZ. U-K 

• i4"4* % m^-^izmm-iffi.nfe^-o y - f® 4 4 © * 

*«fcttIfi5 2««»S. K€5 2#xtf^->-wi'Sg 
7tS©p*MtC«MH«^tl^. p*It>J-H4 2tt 
^tltCtoT^WiC^^tl^o GaNS1£4 6©j£ 

©««*<»£. nIS»^(ini6t*5. nttffitt 
I 7'f-^4 8tC<fcoTU-K4 31C«^^tl^„ 'J-K4 
2d<7/-F. 'J-H4 3A<*y-Hift5. 
[0 0 3 6] tt^£^t-£<hlC<fcoTXfcf^*->-WH§ 
l4 7*«4 0 0nm~5 0 0 nmffl)l£EW. ±*ir 
31tr ! b©t>#I*(CjitJ7tt)^T^ja©»«4 6 

«4 6tC©iR$ftTGaN*1&©^M%. f&ft 

Ffc#fc±#Rtf«#'s|S>ja>3. pj#ffl£r>TGfi£S 
-f-5. S«®tC*fLT^iS*r6]/cttT?5:<^Je) J ?'#]^lC 

[0 0 3 7] 

[HiS0il] [Xtttt 1 (Slffij&SG a N»«.-. Gain 
NSttJB.. JEiL) ] GaN*«ra»45ti£©«k'5K*«i« 
g (HVPE, MOC, MOCVDS) & -5 latest* j£ 
SfeCfcoTricftS-e-*. ^©GaN©i£BI£S«i: 
"T*. GaNSfill S?^, ^©ct^^:K-/1>h^; 

iff. GaNlS©fM5 
0 Vm~ 2 0 0 0 m mSflW* JtV»l *G a N*W© ±lc G 
a I nN©i^ftfflJJKS:Xfcr^^->r^S$-fr-2). 
^MOCVDftlCi-pTXhf^ + ^r^fiSS-r-SCi:^ 

[0 0 3 8] @7l;GaNl^ + ->tWlA-6 0 
(Dmm&TFT. nIGaNSfi6 2©±CnIGaN/t 
77716 3, nIAIGaN^77Hi64, Gal 
nNf£f$jg6 5. pSAlGaN?7yHl66, pi 

®T(4 p H h* -/t > h i: U TM g n U h* -/t > h £ L 

[0 0 3 9] (1) nl^GaNa^ 62 
(2) nIGaNA77r! 6 3 



( 7 ) 
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(3) nlAl,.„Ga,.„ N?77Ki 64 

(4) ZnF-/Ga,.„In ( . ll Nffitt|65 

(5) pSA lo.nGa ( .nN?7y FH 6 6 

(6) pSGaNa>^i?M67 

[0040] zi>?# hm\*pn&t*-s.y?&mv 

&%itf'\^^ZL pMm&iPM^. AlGaN 

SfflUi&J&SflUaa***. GalnNffittill »VU 
nNl, GaNJK*fSr«Kfe3!!SKlfl|JlUfc"b©1?* 
-5. 

[0 0 4 1] d©X(f^^->^Jl^r7XA-(Dp^a>^ 

B©nSJG aNfcte. I n © n®<S£fl£jE&Lfc„ nii 
{Ctt I n/T i AuliMIitffl.. /t^ — 

©Xtf^v-WU^XA-^ 3 0 0 MmX 3 0 0 Mm# 
©-tM'XlCtfJDffiU 13 3 ©J; 5 IC 'J — h' 1 2©X5=-A 

S 0 G a N1S 1 6 #Xf A 1 4 lCg»tS. p*@£ 
^iCtoTfficOU-K 1 3l:S0Wfc. ^tlb* 

[0 0 4 2] ZLtDLED&ltnffi^-WMfeVfr. M 

»«©ee3tt***»*nfc. 2 omA©»»i«sft{c*fL 

TMWftW««l. 5CdT^fc. S8(CCCDLE 
D©»?tX^^ h;U£*-r„ $!ihiii0 4 3 0 nmd&t^ 
tf-^^feOXtf^ + ^v^^W^^WL EDfgft 
£. 5 5 0 nmlcafi^tf-^fc^o— h'fcGaNS 

[0 0 4 3] [«jg««J2. SJMftS©GaNM, gj 
it. S«JP*-3S] M««fife«fflHTfP«bfcff*CD 
g&5 3«Si©GaN»££*fMILfco 1 0 0 jtt 

m. 5 0 0jum, lmmT$5. d©G a NJ5}S<£>±iC 

^j£0u i traac^xtr^+^-frjPWiaisMoc vd 

HJMg, nlH-AX-liSitfel.. 
[0 0 4 4] (JJ nSGaNSfi 6 2 

(2) nWl G a NA*-y 7? m 6 3 

nlAl,.„Ga,.„N^77H@ 64 
Z n H-T'G a 0 . I n„. NffittS6 5 



(3) 
(4) 
(5) 
(6) 



plA lo.!oGa D ., 0 N^77 FJ3 6 6 
pSGaN3>^i? M67 
[0 0 4 5] p^GaNZ3>iS'^ hI©±i:pflPd 

fKLTUI,. n^G aNSffiCDlSEtC. 10 0/itnXl 
OOtfitiOInOniSSSH-fc. ptSOf-y^SS 
?ttl0 0%, nil0f7 7'tWlill%TS^ 

3 0 0 wmx 3 0 0 m mCDIETj v t/tC^O 0 tU 
UTS 4 (Dct 5 fcSffl«r±fC|6]ttTXT-A fc* 0 tttt 
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>£t>V>5. p«gteX^Ai;:fitttt$n&. n 
W^^-f-^ICioTXT-AfC^-T-S. £*l£a 
T't-il'h'lf:. 
[0 0 4 6] ^0L EDSlltilt'E- HTJSJtS^i 

10 OmAT, 1. 5~2CdT*ofc. (10 0 
Mm. 5 0 0 (tm. 1mm) {£cfcoTB©!!SU/Wft?. 
(C) 10 0 (im)9*©L ED-ffWofc«fiOfi 

(D) 5 0 0 |imJP*-CDL ED-^ttCDS 

(E) 1 0 0 0 nmmfrCDL ED DHre©3£<Alg 

p©a 

J&«lT-*-r 9 ©J; 5 left -5. 
[0 0 4 7] filiate. HH^«©>I£S6*>U<«:W 

fc. X = x/ (x + y+z) . Y=y/ (x + y+z) tC 
±9 3IStt3¥®&^0 9K^L£;&g£l3T*a5-5<, £ 

Iltl/T*6b3n5. u©5^4 0 0 nm*^6 7 
30 5 nm£T©SeH©i|i&?fcte. ia4>© A^©tt*g^fS 

<„ ^©«i©e«. vi-rnfcine.©¥fe7 i d©tt-&7tT 
ofep. Q^cwx^Tc^tc^ofct-r-So cn<=>© 

ttlc©its£©?l^fett. X-&PQ£jfcU<i!&#©±©;£<t 

J0 0 4 8] 0 9{C*3l/iTA^tt4_6 0 nmtCtT— {7% 

li©TeKEIft»©3— tC&fi-r*. BM5 8 0 
40 nm&«P^fr*SWt*3tOfiflE*L*-r. ^D-Htt 

Z>o jSA03ttjjSiBOjt*^l«Ufc3ttttifi[||ABO±K: 
GaN««#*V»»£tbfca*»<£i3AfflK:J: 

[0 0 4 9] C^-GaNSiiWlOOMmt^ 
-So A^fCgfcjfiU. 

DA-GaNlWW5 0 0 ftmT-*5. +P a TO 

E^-G a NgtRJfUWU 0 0 0 Aim (1mm) T'$> 
50 B,&fCSt)ifi^. 
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z. n e> © & e s esia^T^ar * £ 1 1> t # -5 . 
cj£-"4>Lfrea<^*e©aTfii8iaft«8 0 0 ok 

DjS-tttoaTfiill*tt5 0 O OKgg. 

a <rnte««©W8j?ggm-Ag© 

[0 0 5 0] g«CD?F$e#l?gS?r^x.^i:a«©®:iR^ 10 

SJCflsCCff '< r'f t»«W LL Sttl®G 
a,-, In, NOfflj*x*S6A*CtKJ;-3T»** 
ft£4 0 nm~ 5 0 0 nm©KT^ft;£-fc»--5*#T# 
<5„ LED«3ttt**C©«[HT*<bS-a-T>b, X«J* 

[0 0 5 1] [H5S0iJ3. «£. *J60iJ2«« 
3£t:iLED£X^AiC^9ttttT^-5. -t-tur-k*** 6 
JI-5RBD — *S&A^©&V:>6fiT&&. L^Lfy^ffl 20 

«*3 9©JfiSflJiS*tlffltt±Jfbfc. 

a* 3 9 zf&Km^Tm o ttfc„ car^iiBij 

R»*4 0KJ;oTSSfcHP«a«afc<fc'DT^ 
5. ±#i£©*ft#T3J; 

[0 0 5 2] xtf^ + ->^;i/»M*^tiifc^^±^(ctti 
^.(Ctt^-rGaNS«3 6£a&fcW-ntf&SfcV». & 
r»e3ttttStfi«3tt3tti:JB^-r*. u5lT-M6fe 30 
3fc*tJ*T*LED£»a«W»-C£ifc. X5^A©SlgB 

Tftfi«e«lflE««9*<a*. £M1£<h[H]gB«gii©fc«6fit 

iRitt3ft»K<3ftofc. Km<Dtzit>mmti . 8~2. 5c 
[QQ5 3] [nmm±. m&~mxj&x nmm3\t 

X r- A tCDflgB^ Jgft b \Hffl^®iL \Z L E ID -ZW. 6 #&*T 
^x/\-:/oirxtc£oTfffi¥ic^ttg;£tt 

[0 0 5 4] tnT06Oi^)4M©f7y- Xv^A 
fffficOM&aiO (a) ~ (d) (Ccko 
TSJBJ-T^. G aN^IA- 7 8\ZfeTVi<DS i N7X 
?/t^->8 05MW;, 010 (a) H77^8 0 
£ffitt;fctKj»©£XA-©— ^©«H0£jjVT. 010 

(d) f4raUt>©©¥BBB£Sr. iE*»oatftoas» 50 
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««GaNOill,fc»»7 9T«S4. 

wm©ai$lcx->?>ybAco 010 (b) ©ck^tclH! 
BB8 3**J£«£Stt-5. VX^ 8 0 ©itT©ai5^T ; >y 

hsnaMu-s i omzmz. mtiMsttm»\*¥ 

M8 2lZf3.Z>. 
[0 0 5 5] Z<D£o\ZWffl8 3St)Oi5lA-|C, jt| 

fiS-B-fc. aftj$£#<j&C9|H]tt8 2 fc©*fcfB3fc#tift 
#»)SSft. VX^8 0<D±\Z\*m&g,X.\£* 

±TTG aNM/^&^&l^o 010 (c) l:i©tt 
<»£^T. K]gB8 3rtSC©xtf^ + ->^;^7t«jfi8 4 
TX^^SWtL, 3 0 0m 
mX3 0 0MmOfy^l;«l!t, ^i^CDaSB* fco 
LEDf7^S3^3ni.. U-K42fflXfA44a 
#:fci£b^5 2 £fcoS^©*>©t;:&.g>. 

[0 0 5 6] fy^SSfiS*. pfflJiO^SX^AIft 
ig5 2£8s«-r*«fc'5K:HjeLfc. 06 (a) , (b) 
©i^lcte^. nmS«'7'f-\r4 8Ti©'J- F4 3 \Z 

mmvtzo zn\tx.¥i?*>>v)mitmm4 7#GaN 

[0 0 5 7] [£^09 5 SUSfttOXf 
A) ] 01 lttX7 t AfcR»««£#fc-&fc£M««U 

JSC«J2ttX^A«¥fiT, *«B«3tt»^Da«*J*tjT 

(a) tt^yyo^BHTftS. (b) «jE®0. 
_ (c) J4^ffl0-C*-5. (d) HSfOEffiHTjBS.' 
£ © L E Dte U~> Ttt&V PJ /h a V» n is 
8 7 S n IG a NS« 6 2 ©SICKttTl^. 

y^o vm§ 7 cot izte^mizp mm 8 s&mtx^ 

*. U-F8 90nttttttHr«MftttKtt9T«0£ 
B/£-r-&. nll8 7li, fe^-OfflU-HOt^-f 

[0 0 5 8] 

[&9!©8&*] *^BJ(4. «tW«*T4GaNi1R 
©±(CGa I nN^gfM$Xtf^ + ->^;Ufi£*$-B-^o 
Ga I nNlKiLEDiLTWfiMS-a-, Wfe^S 
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***fi*KK»-r*»b»*t>*v> (i 5%^±) „ 

mmS., &&%b&mzm*fr*>. Gain N/G a N L 10 
EDit ft*©Ga I nN/YAGLEDiOWS 
©SfeLE D fft*-. • " "™ " - 

[0 0 5 9] GaInNLED*i±fttJb5A^Si^ 
T&3o GaNSfi®H-/1>MS, JB£, ^S^P(§ 

BT*-3;d*. ;ift£^£cD5g^#:<!:L-T<£-pT^-5©T 20 
[0B©fB*fcI89i] 

[01] GaN^LEDiYA Gf MS t^b-ffc 

ft&mizftfrzs&LEnnm&m-rw. (a) w^w 

*-5>S^tr£fl:«WriBH. (b) «LED^->yje^ 
©Jfc*c»rH0. 
[02] GaNSLEDtYAGt^iO^Ga I 
nN/YAGefiLEDOM7^^ hW. #ttetej£ 

[0 3] GaNSSiGa I n N^»j&fg7t#tii£*a^ 30 

1 {C*^Sa6LED©0il**-r0. (a) «/t-y^r- 
>>S^tf£#««®B. (b) BLEDfy^iSfllCtt 
;*cBfr®0<, 

[0 4] GaNiStGa I n N*ftjR%ftfltjfi€tt* 
^•t>-arfcL E D SXf A(C|i!ia:@^-r-5*^B^©IISS0iJ 
2{C*^S6feLED©0fl^-r0_. (a) tt/Xy^r— 

[0 5] |H«£#T*X7\k©«|!nfcLED£fiHi:H:t 40 
L- fc2MB9J©*J60y 3 \Z frfr 5fifiLED©^$ s^-r 
0. (a) tt/*yy-5>**&£«WfiBH. (b) tt 

[0 6] GaNS^ICGaN^Mf£7t^jg£ii©j*^ 

(a) tt/Xy*-5?£^tf±#«WSiH. (b) ttLE 

[07] Ga I nN£fi&tt@£LTj#-S>3lJ£0iJl©LE 
D©xe^*->*;i/tfx/\-©J§flSjfi£^-r0. 50 
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[08] Ga I nN&m&mtl>X&-3&9tWVm^2> 
L ED©^*^:? h;U0« 

[09] 8tte£X, «iSYit5M4Stfi«ig 
&yt&&C. D. EtlTSm AliGalnNLE 

D©«3t, Bttatjts^r. 'xa=ise©'5*. #©*& 
[0io] ^9^>t*Aff(cpnaft»'6, taae(cxtf^^ 

n-5 J; 5 ftHSS^J 4®LEDfy ^ *^«-T « fc*© £ 
xy\-ya-fe7.^l«H^-r^fc©©0o 

[0 11 ] ~m&.mm<D&i&m'5-\z& vt-&b ed ^ <t 

LEDifSSm (a) «^->'7 p ¥®0. (b) « 
IEBB, (c) ttJgB0, (d) ttU-Ffc^y^** 

1 S?!*- ;P H 

2»1U-H 
3fg2 U-H 
4g* 

5GaNInLED 
6YAGfX# 

8 

1 HWt-JPH 
1 2 U - K 
1 3 U - h* 
1 41ffi 

1 5 G a I nNLED i 
1 6 G a Nfifi 

1 7xtr^*a/*;p«3tt«iJB mm) 

1 8 

2 1 mm^—>v h* 

2 2 U-H 
2 3'J-H 
2 4U-K1MB 
2 5Ga I nNLED 
2~6 G a NS-1S 

2 7x\£**'>+)i>s&iftmm mm) 

28 l 7-fir 

3 1 8flt-;k K 
3 2 U - K 
3 3 'J — F 
3 4 U - FMB 
3 5 G a I nNL ED 
3 6 GaNSi 

3 7x.\z9*5'+n,9tytmm mm) 

3 8 

3 9S^- 

4 OSWfi 
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4 1 SW*— ;H* 

4 2U-H 

4 3 U-F 

4 4U-FK® 

4 5 Ga I nNLED 

4 6GaNlffi 

4 8 7-f 
4 

5 0«6&Jf 
SIGaNI 

5 2 U-H<B*S' 

6 OGa I nNLEDf'y^ 
6 2 n^GaN^IS 
63nlGaN/b77i 

6 4 nSJA 1 GaN^/77 KB 
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6 5 G a I nNiStti 

6 6 plA 1 GaN&yy FJi 

6 7 p8GaN3^J h@ 

7 8 G a NSS 

7 9S1£3tE 

8 0 VXi7 

8 lasc 

8 2j£M 
8 

8 4XK**S/*^»3fc*jB 
8 5#XW + ytiH 
"8 7 hil 
8 8 p®H 

8 9U-K 

9 0U-H 
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[Ell 1] 




(b) 
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Co) 
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[0 7] 
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67 
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es 




64 




63 


iiiG a N|K 
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■ 
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